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CIRCUIT ARRANGEMENT FOR TRANSMITTING AND RECEIVING RADIO 

SIGNALS SIMULTANEOUSLY 

FIELD OF THE INVENTION 

The invention relates to transmitting and receiving radio signals. 

BACKGROUND OF THE INVENTION 

Circuits integrated on one chip which have a separate transmission and 
reception path for radio signals are called transceivers. Transceivers can be divided into 
two different classes depending on the area of application. Transceivers which are able 
to transmit radio signals and simuhaneously to receive radio signals from a second 
transmitter are called "full duplex" transceivers. The other class does not support a full 
duplex mode of operation, but rather can either just transmit or receive. 

An example of such a transceiver is shown in figure 9. In this case, the area E 
contains part of the reception path, the area S contains part of the transmission path. For 
transmitting data, an oscillator device VCO (voltage controlled oscillator) switches to a 
frequency frx- A power amplifier PA amplifies the modulated signal and transmits it 
using an antenna ANT in the transmission path. When data are to be received, the 
oscillator device VCO switches to another, second frequency fRx and feeds this signal 
as a LO input into a device for frequency conversion MIXER in the reception path. The 
mixing device MIXER in the reception path E converts a received signal amplified by 
an amplifier LNA to an intermediate frequency Fip. The converted signal is filtered and 
is supplied to an IQ demodulator for fiirther processing. The need to switch the 
oscillator device VCO to different frequencies in order to transmit or receive data 
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means that it is not possible to transmit and receive simultaneously. 

It is therefore an object of the invention to provide an arrangement and a method 
for transmitting and receiving radio signals simultaneously. 
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SUMMARY OF THE INVENTION 

Exemplary embodiments provide a circuit arrangement which has an 
ampUfication device and an antenna, the antenna being connected to an output of the 
ampUfication device, which output is for transmitting signals. The amplification device 
5 has an input for receiving signals which are to be amplified, and a supply line for a 
supply current or a supply voltage. The output of the amplification device is the input 
for signals received via the antenna, and the supply line is the output for these received 
signals converted to the power supply by the amplification device. 

To transmit and receive radio signals simuUaneously, the amplification device is 
10 operated in a supercritical range. At the input of the amplification device, the signal to 
be transmitted is applied with nondiminishing amplitude. A second, simultaneously 
received signal is routed to the output of the amplification device via the antenna and is 
converted to the supply current by virtue of the supercritical operation of the 
ampUfication device. This modulates the supply current with the received signal and 
15 allows it to be processed for fiirther evaluation. It is advantageous for the conversion to 
be in the form of a modulation of a voltage drop across a subsection of the supply line. 

Advantageously, the invention also makes it possible to dispense with a 
reception antenna, a second amplification device and a mixing device. By disconnecting 
the modulated transmission data, the inventive configuration can be used in a circuit 
20 which receives digitally modulated data at one time and transmits them at another time 
and in so doing also makes it possible to dispense with parts of the reception path. 

It is of particular advantage to the reception quality if the radio signal 

3 

3567237V1 



Attorney Docket: P20030096 



Express Mail Label EV 393967959 US 



transmitted and received comprises FSK modulated data. Another application of the 
invention is transmitting a signal via the anteima to a second object and measuring a 
reflected portion of the transmitted signal. This allows the inventive configuration to 
detect a change in the second object over time. This advantageously makes it possible 
5 to register any movement within the region covered by the anterma. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The invention is explained in detail below using specific exemplary 
embodiments and applications with reference to the drawing, in which: 

Figure 1 shows a block diagram of the invention, 

Figure 2 shows an exemplary embodiment of the invention, 

Figures 3A, 3B and 4A-4C show explanations of the way in which the 
frequency conversion works in the invention, 

Figure 5 shows a configuration of a test object changing over time, 

Figure 6 shows a measurement result for a received signal in an exemplary 
embodiment. 

Figures 7, 8A and 8B show measurement results for various applications in the 
configuration shown in Figure 2, and 

Figure 9 shows a known arrangement for a transceiver. 
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DETAILED DESCRIPTION 

Figure 1 shows a schematic design for the invention. The inventive circuit 
arrangement comprises a transmission path TX and a reception path RX. The signals to 
be transmitted are applied to the input of an amplification device PA via a PLL 
5 arrangement. In the present case, the amplification device is in the form of a 
supercritical C/E power amplifier which amphfies the signals which are to be 
transmitted and transmits them via the antenna A. 

The receiver path RX, at the end of which the received data are processed 
fiirther, has a filter device F, a limiting device L and a demodulation device D for 
10 demodulating the received signals. The input of the fiher device F is coimected to a DC 
supply line DC for the amplification device. The supply line DC has a voltage VCC for 
supplying the amphfication device during operation. 

A signal received via the antenna A is applied to the output of the amphfication 
device PA-OUT. On account of a nonlinearity in the amphfication device in a 
15 supercritical mode of operation, the current drawn is dependent on the output power of 
the amplification device PA. A signal carried via the antenna A into the output of the 
amplification device interferes with a signal coming firom the amplifier. The amplifier's 
output power changes as a result. This process is shown in Figure 4 by way of example. 

Figure 4A shows a sinusoidal signal coming fi-om the amplification device. The 
2 0 arrow direction indicates the direction of propagation of the signal. Figure 4B shows a 
received signal entering the amphfication device, said signal being represented by a 
sinusoidal wave and being phase-shifted through 180° with respect to the preceding 
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signal. The result is thus destructive interference (shown in figure 4C), in which the 
amplitude of the resultant wave is smaller than the amplitude of the original output 
signal in figure 4A. 

This modulates the current drawn by the ampUfication device in line with the 
5 received signal. When the amplification device's output power falls, the supply current 
rises, and when the output power rises, the supply current falls. 

The process of transferring the effect of interference to the supply current is 
called fi-equency conversion to the supply current. If the received signal is a modulated 
signal, then the modulation is converted to the supply current by the amplification 
10 device PA. Such an example with specific frequency values can be seen in the spectral 
diagram in figure 3 A. The received signal RXl described therein has a center frequency 
of 434.02 MHz on the abscissa and has been modulated with a frequency shift of 
+/- 50 kHz such that the possible binary states deviate from the center frequency by 
50 kHz in the positive or negative direction. 

15 The signal to be transmitted by the amplification device is a monofrequency 

signal CW and has a center frequency of 433.92 MHz. This converts the received signal 
RXl to the supply current at a center frequency of 100 kHz. Besides the DC 
component, the supply current has an AC component RX2 which modulates either at 
50 kHz or at 150 kHz, depending on the data content. The DC component of the supply 

2 0 current is situated on the ordinate, identified by P. The modulation on the power supply 
is filtered out by the filter device and is processed fiirther by the devices downstream. 
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If modulated signals FSK are amplified by the amplification device instead of 
continuous signals CW, then received signals are converted to the amplification 
device's power supply in line with the spectrum shown in figure 3B. In this case, the 
transmission signal to be amplified comprises an FSK-modulated data signal at the 
5 transmission fi-equency 433.92 MHz and a fi-equency shift of +/- 5 kHz. The signal RXl 
which is received by the antenna and is applied to the output of the amplification device 
has the same spectral properties as the signal received in figure 3A. In addition to the 
conversion known fi-om figure 3A, the spectrum in figure 3B has three fiirther ranges, 
which have their origin in the conversion of the modulated transmission signal FSK to 
1 0 the supply current. 

The AC component RX2 of the 50 or 150 kHz supply current, which AC 
component represents the received signal, has been modulated with a respective fiirther 
altemating current RX3 which respectively changes the fi-equency of the received signal 
by plus or minus 5 kHz according to the data content of the signal which is to be 
15 transmitted. In addition, the DC component situated on the ordinate contains an AC 
component which modulates at +5 kHz and has the data content of the transmitted data 
FSK. 

The great difference in the fi-equency shift and between the FSK which is to be 
transmitted and the received signal RXl allows trouble-fi-ee demodulation and 
2 0 reconstruction of the transmitted data. This means that it is possible to transmit and 

receive simultaneously. 

By applying a continuous unmodulated signal to the input of the amplification 
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device, it is advantageously possible to produce an arrangement which receives a 
modulated signal but in so doing transmits only an unmodulated signal. 

The inventive configuration is not limited to the transmission or reception of 
FSK data, but rather can be used for transmitting and receiving signals which have been 
5 digitally modulated in some way. 

One specific embodiment of the frequency-converting ampUfication device is 
shown in figure 2. Identical elements have identical reference symbols. Their function 
will therefore not be described again. 

The amplification device PA is designed in accordance with an ordinary 
10 arrangement which amplifies and transmits at a frequency of 434 MHz. Its collector 

output PA-OUT is connected to an antenna A via a coil LI and a capacitor CI. The coil 
LI and the capacitor CI form, with two further capacitors C2, a matching network for 
matching the impedance of the collector output of the amplifier PA-OUT to the 
impedance of the antenna A. The emitter output of the amplifier GND is connected to 
15 ground. The power supply Vcc is connected to the emitter output of the amplifier PA- 
OUT via a resistor Rl and a coil L2. Connected between the resistor Rl and the coil L2 
is an evaluation device which, in the present case, is formed fi-om a filter device and an 
amplifier F and also an oscilloscope O. 

Upstream and downstream of the resistor Rl, the supply line Vcc has a 
20 respective capacitor C3 connected to it whose second connection is connected to 
ground. The capacitor C3 is a high-pass filter for the received signal converted to the 
power supply. The coil L2 is in the form of a low-pass fiher and prevents any injection 
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of the carrier frequency of 434 MHz. The resistor Rl serves as a current/voltage 
converter and maps the current drawn by the amplification device onto a voUage which 
is detected by the filter device F and the oscilloscope O as a voltage modulation. In this 
connection, an alternative configuration is to provide the circuit arrangement with a 
detection device which registers the modulation of the supply current. The illustrated 
values are an exemplary embodiment which can be used to implement the invention. 
The concept of the invention is not limited to the embodiment shown, but rather can be 
implemented for other amplification devices. 

Figure 7 shows an example of measurement of a received signal's frequency 
conversion to the supply voltage using the oscilloscope. In this case, a second 
transmitter transmits an FSK-modulated square- wave signal at a data rate of 1 kHz, as 
can be seen in channel 2 of the oscilloscope in figure 7. Channel 1 of the oscilloscope 
shows the modulation of the supply voltage for the amplification device, which 
corresponds to the data content of the received signal. In this case, the modulation of 
the voltage supply is 50 kHz, in line with a frequency shift of -50 kHz for one digital 
state of the originally received data signal or 150 kHz in line with +50 kHz frequency 
shift for the other state. 

The modulated signal transmitted by the amplification device, having a 
frequency shift of 5 kHz, has no influence on the reception quality in this case. 

Besides the inventive configuration for simultaneously transmitting and 
receiving digitally modulated signals, other application options can be found which use 
the inventive feature of converting a signal, which is received by an antenna and is 
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routed to the output of an amplification device, to a supply current for the amplification 
device using the amplification device. 

By way of example, it is possible to use the amplification device to transmit a 
signal to a second object via the antenna. The object reflects a portion of the signal back 
5 to the amplification device, where information is transferred on accoimt of a different 
reflection behavior for the object. The wave reflected back interferes with the preceding 
signal at the output of the amplifier and thus produces a modulation for the supply 
current. Possible forms of an object which changes its reflection behavior on the basis 
of the information to be transferred which may be mentioned are pressure or 
1 0 temperature sensors. 

One specific embodiment is shown in figure 5. This object produces a square- 
wave signal at a fi^equency of 1 kHz by virtue of the design of an inverter HCT with a 
Schmitt trigger input characteristic, which forms an RC oscillator together with the 
resistor R2 and the capacitor C4. The duty ratio of the square-wave signal is below 

15 50%. When there is a "high" at the output of the oscillator, a small current flows via the 
resistor R3, which shifts the impedance of the pin diode PD in the direction of low 
impedance. This changes the reflection behavior of the diode at 1 kHz. It is possible to 
dispense with an operating current for purely passive objects and instead to take the 
necessary energy firom the available transmission field, or to achieve the impedance 

2 0 change by changing other parameters. 

It is also conceivable to achieve a reflection change using purely passive 
elements, which react only to extemal influences such as changes in temperature, in air 
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pressure or in air composition. 

If the inventive configuration shown in figure 2 transmits an uimiodulated signal 
via the antenna to the object, then the reflection behavior causes the amplitude and 
phase of the signal which is reflected back to change. This results in modulation of the 
5 supply current as shown in figure 6, channel 2. In this case, channel 1 in figure 6 shows 
the square-wave signal for the object. 

Another advantageous configuration of the invention is when it is in the form of 
a transmitting and receiving station for detecting movement in a space. In this context, 
the ampUfication device transmits a signal via the antenna to an area which is covered 
10 by the antenna. If the area covered contains no moving objects, then a fixed field 
distribution is established within the area and hence a fixed supply current for the 
supply device. 

By moving an object within the area, a reflection behavior causes the field 
distribution to change, which results in a change in the supply current for the 
1 5 amplification device. 

A test in such a configuration in line with the invention is shown in figure 8 
using the time profile for the supply current. Figure 8A shows the time profile for the 
supply current in the amplification device, where no movement is taking place within 
the area covered by the antenna. In figure SB, a hand has moved slightly in the area 
20 covered. 

The core concept applies beyond the above-described exemplary embodiments 
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of simultaneous transmission and reception of signals. For example, the invention can 
be used in an arrangement which is designed for nonsimultaneous transmission and 
reception operation. 

Although exemplary embodiments of the invention are described above in 
5 detail, this does not limit the scope of the invention, which can be practiced in a variety 
of embodiments. 
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